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Abstract 


This paper gives an update on the observed decadal variability of Earth Radiation 
Budget using the latest altitude-corrected Earth Radiation Budget Experiment 
(ERBE)/Earth Radiation Budget Satellite (ERBS) Nonscanner Wide Field of View 
(WFOV) instrument Edition3 dataset. The effects of the altitude correction are to modify 
the original reported decadal changes in tropical mean (20N to 20S) longwave (LW), 
shortwave (SW), and net radiation between the 1980s and the 1990s from 3.1/-2.4/-0.7 to 
1.6/-3.0/1.4 Wm"‘ respectively. In addition, a small SW instrument drift over the 15-year 
period was discovered during the validation of the WFOV Edition3 dataset. A correction 
was developed and applied to the Edition3 dataset at the data user level to produce the 
WFOV Edition3_Rev 1 dataset. With this final correction, the ERBS Nonscanner 
observed decadal changes in tropical mean LW, SW, and net radiation between the 1980s 
and the 1990s now stand at 0.7/-2.1/1.4 Wm' , respectively, which are similar to the 
observed decadal changes in the HIRS Pathfinder OLR and the ISCCP FD record; but 
disagree with the AVHRR Pathfinder ERB record. Furthermore, the observed inter- 
annual variability of near-global ERBS WFOV Edition3_Revl net radiation is found to 
be remarkably consistent with the latest ocean heat storage record for the overlapping 
time period of 1993 to 1999. Both data sets show variations of roughly 1.5 Wm" in 
planetary net heat balance during the 1990s. 
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1. Introduction 


Continuous monitoring of the Earth radiation budget (ERB) at the top of 
atmosphere (TOA) is essential for understanding climate and climate variability on Earth. 
Wielicki et al. (2002a) reported large decadal changes in tropical mean (20N to 20S) 
Earth radiation budget between the 1980s and the 1990s based on the longest running 
single ERB time series produced from the Earth Radiation Budget Experiment (ERBE; 
Barkstrom, 1984) Earth Radiation Budget Satellite (ERBS) Nonscanner Wide Field of 
View (WFOV) instrument Edition2 data record. The results also were based on a range of 
overlapping scanning and nonscanning ERB instruments; including Nimbus-7 
Nonscanner (Bess et al., 1989), ERBE/ERBS Scanner, the Scanner for Radiation Budget 
(ScaRaB) instrument (Kandel et al., 1998) on the Meteor satellite, the ScaRaB Scanner 
(Duvel et al., 2001) on the Resurs Satellite, the Clouds and the Earth’s Radiant Energy 
System (CERES, Wielicki et al., 1996) Scanner on the TRMM satellite and the CERES 
Scanner on the Terra Satellite. 

Since that report, a complete re-examination of the ERBE/ERBS Nonscanner 
WFOV dataset, prompted by new findings on the possible effect of small ERBS altitude 
changes over the 15-year period, has been completed. This satellite altitude change and 
its effects on the top of the atmosphere ERB are discussed in section 2 using the new 
altitude-corrected WFOV Edition3 dataset. Section 3 presents results on a small WFOV 
shortwave instrument drift and its effects on the ERB record. This instrument drift was 
discovered during the validation of the WFOV Edition3 dataset and is not currently 
included in the archived WFOV Edition3 data, but a simple correction method is 
available to the data user to remove this instrument artifact. Sections 4 and 5 compare the 
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latest ERBS Nonscanner WFOV record with existing satellite-based time series of ERB 
from the High Resolution Infrared Radiation Sounder (HIRS) Pathfinder Outgoing 
longwave radiation (OLR, Mehta and Susskind, 1999) dataset, the International Satellite 
Cloud Climatology Project (ISCCP) FD dataset (Zhang et al., 2004), and the Advanced 
Very High Resolution Radiometer (AVHRR) Pathfinder ERB dataset (Stowe et. al., 
2002), as well as records from the most recent ocean heat storage dataset based on both 
ocean in-situ vertical soundings and satellite altimeter measurements (Willis et al. 2004). 
Summary and conclusions are given in Section 6. 

2. Altitude-corrected WFOV Edition3 data 

ERBS altitude (shown in Figure 1) slowly dropped from 61 1 km to 585 km over the 
first 15 years of the mission. The changes in satellite altitude can directly affect the ERBS 
Nonscanner WFOV TOA fluxes through the ERBS Nonscanner inversion process in 
which satellite altitude observed fluxes are converted to TOA fluxes (Lee et al., 2003). 
Unlike the scanner instrument, which sees only small portions of the Earth surface, the 
Nonscanner WFOV instrument field-of-view at satellite altitude contains the entire earth 
disk and the surrounding deep space. The amount of energy received at the Nonscanner 
WFOV instrument is therefore inversely proportional to the square of the distance 
between the instrument and the Earth’s center. As the altitude dropped over the 15-year 
period, the Nonscanner WFOV instrument recorded a small steady increase in satellite 
altitude fluxes. The ERBS WFOV Edition2 data analysis system was designed to account 
for changes in satellite altitude, but the original algorithm designed this function to 
provide a correction in the case of a non-circular satellite orbit. It was recently discovered 
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that the altitude correction was disabled in the case of a near-circular orbit, and therefore 


did not apply to correct the average spacecraft altitude change that occurred later in the 
extended ERBS mission. The main effect of this altitude change is a small increase 
(~0.6 %) in both TOA outgoing longwave radiation (LW) and reflected shortwave 
radiation (SW) over the 15 -year period. 

Based on this new information, the entire ERBE/ERBS Nonscanner WFOV 
Edition! data record was reprocessed to Edition3 data using a set of time dependent 
correction coefficients derived from time series of the ERBS altitude record. Figure 2 
shows the time series of 36-day averaged tropical mean (20N to 20S) ERBS Nonscanner 
WFOV radiative energy budget with (Edition3, solid lines) and without (Edition2, dashed 
lines) this satellite altitude correction. The 36-day mean is used to reduce diurnal aliasing 
in the Nonscanner dataset resulting from a shift in the local time of satellite observations 
over the 15-year period (Wielicki et al., 2002b). Figure 2 is in the form of deseasonalized 
anomalies with respect to the 1985 to 1989 climatology. This was done because the 
seasonal cycles in LW, SW, and net flux are large enough to make decadal variability 
difficult to visualize. The effect of the altitude correction is to reduce the magnitude of 
the tropical LW flux change from the 1980s to 1990s from the original 3.1 to 1.6 Wm' . 
The correction increases the magnitude of the SW flux decadal change from -2.4 to -3.0 

Wm'. The correction also increases the net radiation decadal change from -0.7 Wm' 
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(cooling of the tropics) to 1.4 Wm"“ (heating of the tropics). 
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3. WFOV Shortwave Instrument Drift 


In addition to the satellite altitude decrease over the 15 -year period, the ERBS 
WFOV shortwave instrument also appears to have a residual instrument trend that is not 
fully corrected by using the bi-weekly solar constant calibrations. This shortwave 
instrument trend, on the level of 1% over the 15 -year period, was discovered during the 
validation of the ERBE/ERBS WFOV Edition3 dataset. The mostly likely cause of this 
shortwave trend, based on the most recent instrument engineering study, is due to non- 
uniform exposure of the Nonscanner WFOV shortwave sensor dome to UV radiation 
during spacecraft sunrise and sunset over the 15-year period. In particular, the sides of the 
SW filter dome on the Nonscanner WFOV instrument receive more UV exposure than 
the top of the dome. This can lead to a slight difference in the dome transmission between 
viewing a small angle of view source like the sun, versus a wide angle of view target like 
the Earth. Since the Nonscanner WFOV instrument does not carry a dedicated longwave 
sensor, the longwave fluxes during daytime are determined from the total channel (0.2 to 
100 micron) minus the shortwave channel (0.2 to 5 micron). Thus, this residual 
shortwave instrument trend can also directly affect the reported daytime longwave fluxes. 
During nighttime, the longwave fluxes are determined directly from the total channel 
since there are no shortwave measurements at night. 

Figure 3 shows the time series of daytime longwave flux (red curve), nighttime 
longwave flux (blue curve) and day-minus-night longwave flux difference (green curve) 
over the tropics from the ERBS Nonscanner WFOV Edition3 data record over the 15- 
year period. These time series are deduced directly from instantaneous grid box data and 
contain slightly more sampling noise than the traditional monthly mean data. 
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Nevertheless, the figure clearly shows that the day-minus-night longwave difference is 
slightly increasing over time. This results from the fact that the nighttime longwave 
shows no change, but the daytime longwave has increased slightly over the same period. 
Figure 3 suggests that the WFOV total channel is stable over time (consistent with solar 
constant checks), but the WFOV shortwave channel has drifted slightly over the same 
period. Basically, the shortwave dome has degraded slightly over time and allows less 
solar energy onto the WFOV shortwave detector, thus artificially producing a lower 
shortwave flux and a higher longwave flux during daytime. 

The ERBS Nonscanner measurements discussed up to this point are based on data 
from the Wide Field of View (WFOV) instruments. The ERBS Nonscanner instrument 
package also contains a set of Medium Field of View (MFOV) instruments that record 
the Earth reflected solar and total spectrum energy with a field of view of about 500 km 
diameter. These MFOV instruments are adjacent to the WFOV instruments on the ERBS 
spacecraft. Unlike the WFOV instruments, the MFOV sensors are completely shielded 
from the Sun during Earth viewing operation. Therefore the MFOV data should show no 
trend in the day minus night longwave flux over this period. This is evident in Figure 4, 
which shows the MFOV daytime longwave flux, nighttime longwave flux and day minus 
night longwave flux difference time series over the ERBS 15-year period. The day minus 
night MFOV longwave flux differences, the daytime longwave flux, and nighttime 
longwave flux are very stable over this time period. The short time scale noise of these 
fluxes, however, is much larger than the WFOV, since the MFOV covers the daytime 
tropics only once every 4 days. The MFOV data supports the hypothesis that non-uniform 
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solar exposure on the Nonscanner WFOV SW dome has caused the observed drift in the 
Nonscanner WFOV measurement over the 15-year period. 

A correction for this shortwave sensor trend is derived from the WFOV Edition3 
dataset using a simple linear regression technique and applied to the WFOV Edition3 
time series shown in Figure 2. This shortwave sensor drift corrected data will now be 
referred to as WFOV Edition3_Rev 1 data. Note that the WFOV SW sensor trend 
correction is not currently included in the archived WFOV Edition3 dataset. However, 
this correction is available to data users through the online WFOV Edition3 data quality 
summary so they can apply the correction directly to the WFOV Edition3 data in future 
studies. 

In general, the shortwave sensor drift correction further reduces the magnitude of 

the tropical mean decadal changes in FW flux from 1.6 WnT to about 0.7 Win", and 
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reduces the magnitude of the tropical mean decadal changes in SW flux from -3.0 Wm" 
to about -2.1 Wm 2 between the 1980s and the 1990s. Note that the change in WFOV SW 
channel has no effect on net flux trends, which remain at 1.4 Wnf. Net fluxes depend 
only on the WFOV total channel, which has no dome degradation, and has shown 
consistency in solar calibration to 0.1% over the first 15 years of the ERBS mission (Fee 
et al., 2002). 

Figure 5 shows an updated comparison of the new ERBS Nonscanner WFOV 
Edition3_Revl deseasonalized tropical mean (20N to 20S) flux anomalies time series to 
climate models. The comparison between Nonscanner WFOV Edition3_Revl 
deseasonalized FW anomalies and climate models is now in much better agreement, with 
the exception of the 1998 El Nino anomaly peak, but sizeable differences in 
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deseasonalized SW flux and net flux anomalies remain. Note that the 1991 to 1993 Mt. 


Pinatubo aerosol signal was not provided to the climate models for the simulations. 

4. Comparison with other satellite-based decadal Earth radiation budget records 

Several satellite-based decadal Earth radiation budget datasets of varying quality 
are available to the public. This section compares the data sets. Figure 6 shows a 
comparison of the ERBE/ERBS Nonscanner WFOV Edition3_Rev 1 deseasonalized 
tropical mean (20N to 20S) radiative anomaly record (anomalies with respect to the 1985 
to 1989 climatology) against deseasonalized anomalies from HIRS Pathfinder OLR data, 
AVHRR Pathfinder ERB data, and ISCCP FD data. For the LW component of the ERB, 
the four different datasets are consistent with each other during the first half of the data 
record. During the second half of the data record, the ERBS Nonscanner LW, HIRS 
Pathfinder OLR, and the ISCCP FD LW are in close agreement. The AVHRR Pathfinder 
LW, however, shows much lower values than the other time series during the later part of 
this data record. These problems are the result of instrument intercalibration and satellite 
orbit changes (time of day sampling) as discussed in Jacobowitz et al. (2003). 

For the SW component of the ERB, the ERBS Nonscanner WFOV Edition3_Rev 1 
and the ISCCP FD data again agree well with each other over the entire span of the data 
period. HIRS Pathfinder provides only LW fluxes, so no SW or net flux comparisons are 
possible. The AVHRR Pathfinder SW data do not agree well with the two other datasets. 
The AVHRR data contain large shifts throughout the time series, again consistent with 
issues of intercalibration and changes in satellite orbit diurnal sampling. 
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The net component of the ERB is the combined effect of both LW and SW fluxes. 
While both the ERBS Nonscanner WFOV Edition3_Rev 1 data and the ISCCP FD data 
are very similar to each other, the AVHRR Pathfinder net data again diverge from the 
other two datasets. Table 1 further summarizes the results of decadal changes in Earth 
radiation budget between the 1980s and the 1990s for these four datasets and the ERBS 
Nonscanner WFOV Edition2 and Edition3 datasets. In general, there is good agreement 
among ERBS Nonscanner WFOV Edition3_Revl, HIRS Pathfinder OLR and ISCCP FD 
data record. All three datasets show similar decadal changes in ERB with the same sign 
and similar magnitude. The AVHRR Pathfinder ERB dataset, however, disagrees with 
the other three datasets in both sign and magnitude. Jacobowitz et al. (2003) showed a 
promising technique for reducing these data problems in the current AVHRR Pathfinder 
ERB dataset. This corrected AVHRR Pathfinder dataset, however, is still under 
development and is not yet available to the public. An examination of Figure 4 from 
Jacobowitz et al. (2003) indicates that the comparable numbers for Table 1 would be 
about -2 WnT~ for LW flux, +2 Wm " for SW flux, and near 0 for net flux. But inter- 
satellite shifts of 4 to 5 Wm" occur even in the corrected AVHRR Pathfinder data from 
Jacobowitz et al. (2003). We conclude that both the AVHRR pathfinder and the corrected 
AVHRR Pathfinder ERB datasets are not sufficiently accurate to resolve decadal changes 
in tropical mean or global scale radiative fluxes. They may be more useful for regional 
climate signals, but these are not compared here. 
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5. Comparison with ocean heat storage data 

Willis et al. (2004) provides new estimates of annual ocean heat storage for 1992 to 
2002 using a combination of improved in-situ temperature profile sampling and 
constraints on thermal expansion from satellite global ocean altimeter observations. The 
major advantage of this dataset over previous ocean estimates is the use of global 
altimeter data to supplement sparse in-situ sampling in the southern hemisphere oceans. 

On a global annual scale, net radiation and ocean heat storage should be in phase 
and of the same magnitude. All other forms of heat storage in the Earth system are factors 
of 10 or more smaller than ocean heat storage (Levitus, 2001). Previous ocean heat 
storage data sets required 5 to 10 year averages to reduce sampling errors. The Willis et 
al. (2004) analysis demonstrated a sampling error of 0.4 W m ' for global annual ocean 
heat storage. 

Figure 7 shows a direct comparison of these new ocean heat storage anomalies 
against 12-month running mean ERBE/ERBS Nonscanner WFOV Edition3_Revl and 
CERES/Terra Scanner ES4 Edition2_Revl net flux anomalies. The CERES/Terra 
Scanner results are global and the ERBE/ERBS Nonscanner WFOV results cover 60N to 
60S (or -90% of the Earth surface). While spatial sampling error is the dominant source 
of uncertainty in the ocean data, absolute calibration uncertainties dominate the radiation 
budget data. For a comparison of interannual variations, however, we can remove the 
mean calibration uncertainty by requiring agreement for the average of all overlapping 
data for each instrument time series (e.g. 1984 to 1999 average for ERBS). Note that 
Willis et al. (2004) estimate the 10 year average uncertainty in ocean heat storage from 
1992 to 2002 as - 0.2 Wm" . The interannual net flux anomalies in Figure 7 from the 
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ERBS Nonscanner WFOV and CERES Scanner agree to within the ocean heat storage 
sampling uncertainties, with 1 -sigma difference in the anomalies of 0.4 Wm‘“. The two 
times series are in phase with each other, consistent with the constraint of planetary 
energy balance. 

This is a remarkable result given the totally independent physical measurement and 
sampling of the ocean heat storage data and the ERB datasets. The net flux anomalies 
within a single decade can be as large as 1.5 Wm"~ according to both the ERB and the 
ocean storage data. The data agree that the ERBS Nonscanner WFOV net radiation 
anomalies shown in Figure 5 are accurate to better than 0.5 Wm'". The large 1.5 Wm" 
change is most likely dominated by changes in cloudiness since aerosol radiative forcing 
estimates for this period show no large changes beyond the 1991-1993 Mt. Pinatubo 
cooling. 

6. Summary and Conclusions 

The original and Edition2 ERBE/ERBS Nonscanner WFOV data contain small 
systematic errors that can affect the interpretation of decadal changes. Specifically, ERBS 
altitude slowly dropped from 611 km to 585 km over the 15-year period. This introduces 
a 0.6% correction to the decadal changes reported in a previous study. This altitude 
correction has been used to produce an updated ERBS Nonscanner WFOV Edition3 
dataset. 

The ERBS Nonscanner WFOV SW sensor dome transmission corrections 
determined by bi-weekly solar constant observations appear to have underestimated the 
change by about 1% over the first 15 years of the mission. The 1% correction to the SW 
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sensor is not currently incorporated into the archived WFOV Edition3 dataset and can 
result in an additional 1 Wm~“ correction to the decadal changes in both LW and SW 
fluxes. The drift correction, however, is available to data users through the WFOV 
Edition3 data quality summary so they can apply the correction to the WFOV Edition3 
data and make them into WFOV Edition3_Revl data. Overall, the combined effects of 
altitude correction and SW sensor drift correction change the values of the reported 
decadal changes in tropical mean (20N to 20S) Earth radiation budget in TOA 
LW/SW/net radiation between the 1980s and the 1990s from 3.1/-2.4/-0.7 Wm 2 to 0.7/- 
2. 1/1. 4 Wm" , respectively. 

Comparison of decadal changes in ERB with existing satellite-based decadal 
radiation datasets shows very good agreement among ERBS Nonscanner WFOV 
Edition3_Revl, HIRS Pathfinder OLR, and ISCCP FD datasets. The AVHRR Pathfinder 
ERB dataset, however, does not compare well against the ERBS Nonscanner WFOV and 
the two other ERB datasets, either in the normal AVHRR Pathfinder data, or in the 
corrected AVHRR Pathfinder data. Discontinuities in the AVHRR data remain too large 
for detection of the climate changes shown in the other data sets. 

Comparison of interannual variability of net flux anomalies between ocean heat 
storage data and the ERB datasets shows remarkable agreements in both phase and 
magnitude of these two very different datasets. The ocean heat storage data agree with 
the level of interannual variability found in the radiation data. This variation is larger than 
known variations in aerosol or other radiative forcings in the late 1990s, and suggests a 
closely linked variation in global ocean heat storage and global cloud net radiative 
forcing. Because phase lag is not expected between these two variables, it remains 
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unclear if slight changes in ocean surface temperature and surface heat fluxes are 
changing clouds, or if clouds are changing ocean heat storage. 

6.1 Discussions 

The magnitude of the global ocean heat storage and net radiation changes have 
several implications for understanding climate change. 

1. The new results do not support the recent Iris hypothesis (Lindzen et al. 2001, Lin et 
al. 2004). As tropical and global SST warms in the late 1990s during the 97/98 El 
Nino, the Iris negative feedback predicts net flux to decrease (ocean cooling) as 
opposed to the increase (ocean heating) seen in Figure 7. 

2. The ocean heat storage and net radiation data, while showing relatively large 
interannual variability, are consistent with heating predicted from current state of the 

art coupled ocean/atmosphere climate models. The anticipated change in 

2 

anthropogenic radiative forcing over the next few decades is estimated as ~ 0.6 Wm" 
per decade (IPCC, 2001). The interannual variability in net radiation is of similar 
magnitude (+/- 0.7 Wm"“). Note that the ocean heat storage dataset for single annual 
mean values has a sampling uncertainty of 0.4 Wm “ (la) so that the larger range of 
variation in ocean heat storage is more likely due to its larger sampling noise. The 
radiation data set has a larger mean bias uncertainty (absolute calibration) but smaller 
sampling error than the ocean heat storage data. The 10-year average of ocean heat 
storage is about 0.6 Wm ' , similar to the levels predicted by current climate models 
for anthropogenic global warming scenarios (IPCC 2001, Hansen et al. 2005). 
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3. The net radiation and ocean heat storage variability predict that studies of cloud 
feedback in the climate system will require extremely accurate long time series of 
both ocean heat storage data as well as clear-sky, all-sky and cloud radiative forcing 
observations. With anticipated anthropogenic radiative forcing changes of 0.6 Wm"“ 
per decade, cloud radiative forcing changes of only 0.3 Wm' per decade can 
represent 50% changes in climate sensitivity. Both ocean heat storage and radiation 
data sets will require intense examination to verify these subtle but critical changes. 
The GEWEX Radiation Panel is currently beginning a Radiative Flux Assessment of 
both TOA and surface radiative fluxes consistent with this need. Independent data 
sets and high accuracy and stability will be critical. Our results support the need for a 
21st climate observing principle: independent observations, with independent analysis 
of each climate data set. 

4. The data suggest that a key test of coupled climate models will be the observed 
interannual variations in ocean heat storage and net cloud radiative forcing. It will be 
necessary to unscramble these two very different physical processes in a cause and 
effect linkage on decadal time scales. On the basis of purely time scale, one 
hypothesis would suggest that the long time scale ocean dynamics variability drives 
the very short time scale cloud processes. But the ocean heat storage is dominated not 
by surface temperature change, but by changes down to depths of 1000m (Le vitus, 
2001; Willis et al., 2004). Near surface SST changes are not constrained on the 
decadal time scale to simply follow changes in ocean heat storage. Therefore, the 
physical link of ocean heat storage to drive cloudiness changes is not clear. The 
alternative hypothesis is that changes in cloudiness are driving changes in ocean heat 
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storage. In this scenario the cloudiness changes are the result of either systematic 
anthropogenic climate change (e.g. changing equator to pole temperature gradient) 
and/or natural variability. The ocean heating is then a response to changes in net 
cloud radiative forcing that modifies the surface ocean energy balance. The fully 
coupled system is much more complicated than described, and the examples are only 
meant to highlight the type of challenges ahead. 

5. The ERBS Nonscanner WFOV data for November 1999 through current should be 
reprocessed to account for the 15-degree shift from the normal nadir pointing of these 
instruments on the ERBS spacecraft. The data will provide a key independent time 
series in the CERES time frame, and will cover the current gap in the ERB record 
from October 1999 through February 2000. 

6. The intercomparison of the corrected ERBS Nonscanner WFOV with other radiation 
data sets reaffirms the critical need for overlapped and continuous climate data 
records. Figure 8 shows the new version of Fig. 1 from Wielicki et al. (2002a) with the 
new ERBS WFOV Edition3_Revl data. The Scanner and Nonscanner records no 
longer agree as well as before. The disagreement, however, is within the absolute 
accuracy of the instruments for calibration of SW and LW fluxes: 2 WnT for ERBE 
and ScaRaB and 1 Wm‘‘ for CERES. As a result, for non-overlapped climate records, 
differences of up to 3 WnT are within the absolute calibration uncertainty. This is 
analogous to the same issue in solar constant measurements and most climate 
measurements. Even the most accurately calibrated instruments are typically not 
sufficient to handle gaps in the data record. 
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Data Source 

TOA LW 

TOA SW 

TOA Net 

ERBS WFOV Edition 2 

3.1 

-2.4 

-0.7 

ERBS WFOV Edition3 

1.6 

-3.0 

1.4 

ERBS WFOV Edition3_Rev 1 1 

0.7 

-2.1 

1.4 

HIRS Pathfinder 

0.2 

- 

- 

AVHRR Pathfinder 2 

-1.4 

0.7 

0.7 

ISCCP FD 

0.5 

-2.4 

1.8 


'ERBS WFOV Edition3 with additional user- applied SW sensor drift adjustment 

2 

‘Original uncorrected AVHRR Pathfinder data 
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Time 


Figure 1. Time series of ERBS altitude (km) from 1985 to 1999. 
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Figure 2. Time series of ERBS Nonscanner WFOV deseasonalized tropical mean (20N to 
20S) broadband radiation budget anomalies (longwave, shortwave, and net) from 
1985 to 1999 with (solid colored lines, Edition3 data) and without satellite altitude 
correction (black dotted lines, Edition2 data). Anomalies are defined with respected 
to the 1985 to 1989 period. 
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Figure 3. Time series of ERBS Nonscanner WFOV Edition3 tropical mean (20N to 20S) 
daytime longwave flux (top, red curve), nighttime longwave flux (top, blue curve), 
and day-minus-night longwave flux differences (bottom, green curve) from 1985 to 
1999. 
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Figure 4. Time series of ERBS Nonscanner MFOV tropical mean (20N to 20S) daytime 
longwave flux (top, red curve), nighttime longwave flux (top, blue curve), and day- 
minus-night longwave flux differences (bottom, green curve) from 1985 to 1999. 
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Figure 5. Comparison of time series of ERBS Nonscanner WFOV Edition3_Revl 
deseasonalized tropical mean (20N to 20S) broadband radiation budget anomalies 
of longwave (top, red curve), shortwave (middle, blue curve), and net (bottom, 
green curve) radiation from 1985 to 1999 with both satellite altitude correction and 
shortwave sensor drift correction against the same time series from climate models 
(black lines are the models mean and the shaded areas are the spread of the 
minimum and maximum values among models). The climate models are the same 
models as in Wielicki et al. (2002a). 
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Figure 6. Time series of deseasonalized tropical mean (20N to 20S) broadband radiation 


budget anomalies (longwave, shortwave, and net) from 1985 to 1999 from the 


ERBS Nonscanner WFOV Edition3_Revl (red), ISCCP FD (blue), HIRS 


Pathfinder OLR (pink), and AVHRR Pathfinder ERB (green) data records. 


Anomalies are defined with respect to the 1985 to 1989 period. 
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Heat Storage/Net Flux (Wm‘ ) 



Figure 7. Time series of net flux anomalies from 1993 to 2002 from ERBE/ERBS 
Nonscanner WFOV Edition3_Revl (red), CERES/Terra FM1 Scanner ES4 
Edition2_Revl (green), and ocean heat storage data (blue). 
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Figure 8. Time series of deseasonalized tropical mean (20N to 20S) longwave anomaly 
(with respect to 1985 to 1989 climatology) between 1979 and 2001 based on the 
new ERBS Nonscanner WFOV Edition3_Rev 1 (Red solid line), Nimbus7 
Nonscanner (green dash line), ERBS Scanner (blue solid line), CERES/Terra FM1 
Scanner ES4 Edition2_Rev 1 (blue dash line), CERES/TRMM Scanner Edition2 
(blue circle), ScaRaB/Meteor Scanner (green triangle), and ScaRaB/Resurs Scanner 
(green circle) dataset. Anomalies are defined with respect to the 1985 to 1989 
period. 
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